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Project Summary 


In today's world, wind turbines are a popular, clean source of renewable energy 
implemented by countries all around the world. Our team joined forces to delve into 
the world of contemporary wind turbine models, combining unique insights to 
engineer cutting-edge blade and tower designs through the innovative use of 3D 


printing. 


The primary objective was to achieve optimal power 
output and stiffness. The culmination of our 
collaborative effort materialized in a final blade 
design featuring three blades, an angle of attack set 
at 16.28 , and an angle of twist of 15.68" from the base 
to the tip. Initially conceptualized as an inverted 
design, we strategically decided to rotate it 180 
degrees during testing, resulting in higher blade 


speeds. These blades were intricately connected to 
the motor, functioning as the generator and housed within the tower. 


Our ultimate tower design boasted a truss structure with 
three sides, seamlessly integrating the top and bottom 
components with the motor housing. Post-assembly and 
gluing of the printed models, the tower exhibited a weight of 
224.2 grams, occupying a volume of 14.95 cubic inches. 
Rigorous power testing, executed with the wind machine 
directing airflow onto the blades and the motor linked to the 
power meter, unveiled a maximum power output of 1.25 
Watts at a blade speed of 4464 rpm. In open circuit 
conditions, the blade reached an impressive top speed of 5547 
rpm. Conducting deflection tests by suspending weights 


from the eyebolt on the motor housing, we observed a deflection of 2.82 mm with a 
weight of 1 kg. Plotting these data points, we gained insights into the tower's stiffness 
which measured to about 3.19 N/mm. Overall, although some parts did not go as 


planned, it was a great learning experience for everyone. 
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1. Introduction 


1.4 Wind Turbine Basics 


The purpose of a wind turbine is that instead of functioning by using electricity to 
make wind, it turns wind into electricity. This occurs when wind turns the blades of a 
turbine around a rotor which spins a generator, producing electricity. 


There are two types of possible wind turbines, one with a horizontal axis and another 

with a vertical axis. The horizontal axis turbine is able to catch more wind therefore 
resulting ina higher energy output. 

v"c ^ Additionally, it has a taller tower with a 

rar . blade that requires a more complex design. 

In contrast, the vertical axis turbine has an 

easier design, but offers a less optimal 
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Figure 1.1: The difference between 
horizontal and vertical wind turbines. 


An integral part of the efficiency of a turbine is the lift design. Blades on a wind turbine 
work on the same principle that allow planes to fly, with the turbine blade essentially 
being an airfoil. The pressure when air flows through a blade between the top and 
bottom of the blade creates a difference in wind speed and pressure. When the 
pressure at the bottom of the blade is greater it allows the blade to lift. When blades 
have this lift, it allows for higher rotational speeds, resulting in the production of more 
electricity. 


The angle of attack is the angle at which 
the blade of the turbine meets the wind. 
The angle of attack has a big effect on the 
lift that is generated. This angle is 

ANS l measured between the chord line of an 
ii EE RE SN airfoil and the flight direction. The angle 
usually ranges from 1 to 15 degrees. 
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Figure 1.2: Diagram of the angle of attack between 
the chord line. 


The twist of the blade is directly related to the 
angle of attack, and is necessary to achieve the 
most optimal angle of attack. Blades for wind 
turbines will always have a twist to them. This is 
due to fact that if the blade is not twisted, the 
wind will hit an angle of attack that is too steep 
which will lead to stalling. The twist allows to 
relieve the load on the blade as the angle of the 
twist increases along the blade. 


Figure 1.3: Diagram depicting the 


progression of the twist of the blade. 


When determining the number of blades in a wind turbine, there are many factors that 
go into consideration: the design of aerodynamic efficiency, costs for components, 
system reliability, and aesthetics. For example, increasing the number of blades 
increases aerodynamic efficiency. Moreover, increasing the blade count from one to 
two creates a six percent increase in efficiency, and adding an additional blade from 
two to three gives adds another three percent increase. While a fewer number of 
blades lead to lower manufacturing costs, better rotational speed is attained with more 
blades, leading to lower generator costs. Furthermore, the number of blades 
preferably should be odd because having an even design is proven to lead to stability 


problems due to the creation of uneven forces. Hence, this is the main reason why 
wind turbines being produced around the world today have a three blade design. 


12 Project Description 


The aim of this project is to design and fabricate a wind turbine in a rapid prototyping 
model. The areas of design were set to the turbine's rotor blades, support tower, as 
well as a housing structure for the generator battery. Set specifications of the final 
wind turbine design included a maximum tower volume of 1; cubic inches and a 
maximum rotor blade of 6 inches in diameter. The upper platform at which the 
generator would be was constrained to have a 3/16 inch hole to be in line with the 
motor shaft. We were provided with a lower support platform made of ?5 inch thick 
plastic plate (ABS), sized at 12 x 12, and a motor that acted as a generator for the 
testing. The entire fabrication of the tower and rotor blades was done through 3D 
printing. After completing the design and print, we assembled the tower by super 
gluing the pieces together. Lastly, the wind turbine underwent a performance test, in 
which the power output, stiffness, and weight of the turbine were all put to the test. 


13 Design Goals 


The goals of this project was to determine the turbine blade's optimal angle of attack, 
angle of twist, shape, and the number of blades to produce the most amount of power 
and stiffness. Additionally, it was important to make sure we designed a wind turbine 
tower that met all specifications given such volume and height without compromising 
the structure, support or stability of the tower. All these goals were met during the 
design process through research on these topics and references from previously 
existing turbine designs. 


2. Design 
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Figure 2.1.1: Preliminary Wind Turbine Structure Sketches 
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Figure 2.1.2: Preliminary Turbine Blade Sketches 


2.2 Major Tool 


During the design process, the major CAD software that our group used was 
SolidWorks 2023. Utilization of CAD allowed us to properly design the tower within 
specification by accurately dimensioning key features. In addition, by designing the 
turbine in CAD, we were able to allow the machine shop to translate an STL file into a 
full-fledged 3D-printed prototype. 


2.3 Finite Element Analysis (FEA) Simulation 


By using FEA, our group was able to predict deflection with applied load on the tower. 
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Figure 2.3.1: FEA of von Mises Stress Plot (psi) 


The von Mises stress plot describes the strength of the tower until fracture. The yield 
strength of the part is greater than the stress at any point with the current load, so the 
tower will not fracture under the given load. 


URES (mm) 


3446e-01 


3.102e-01 


2.757e-01 


2412e-01 


2.068e-01 


1723e-01 


1.379e-01 


1.034e-01 


6.893e-02 


3446e-02 


1,000e-30 


Figure 2.3.2: FEA of Displacement Plot (mm) 


The displacement plot describes how much the tower has deflected under the given 
load of 1 kg. Its max deflection in this case is 0.3446 mm. 
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Figure 2.3.3: FEA of Factor of Safety Plot 


The safety factor plot describes how many times stronger the tower is compared load 
it is designed to withstand. In this case, the safety factor is 3 (min), meaning it can 
withstand three times the load we applied to it. 
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Figure 2.3.4: Load vs Deflection of Tower (Equation: y = 28. 5x) 
with max displacement for every force applied 


2.4 Volume of the Tower 
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Figure 2.4.1: Mass Properties Window in SolidWorks 


Using the Mass Properties function in SolidWorks, it was determined that the final 
volume of our tower was exactly 14.95 cubic inches. 


3. Testing and Results 


3.4 Power Testing 


The goal of this test was to generate as much power (Watts) as possible. First we 
clamped down the base plate to the table, so that our blade would get a constant wind 
speed without any movements. Then, to 
achieve a wind speed of 25mph, we placed 
the anemometer in front of the tower and 
adjusted the position of the fan 
accordingly. Once we reached 25mph, we 
removed the anemometer. The distance 
between the fan and the blade was 
approximately 11.75 inches. Once we had 
our fan in place, we mounted the motor 
on the motor shaft and fastened it with > 
two cable ties. With our tightly secured | 3.1.1 Using the anemometer to 
motor, the blade was then slid through dca 
the motor. We had to file the center hole 
on the blade because it initially didn’t fit on the motor. The base plate of the tower was 
then clamped on the table. Next, electric cables were connected to the motor from an 
ammeter. Then we were ready to collect the data, which we did by increasing the 
resistance by the same increment. We first started collecting our data by starting at an 
open circuit, which meant no 
Power (Watts) vs. Current( Amps) resistance. Then, we slowly adjusted 
the left knob on the ammeter, which 
increased the resistance by 10 ohms. 
Once we reached the max of 50 ohms, 
we used the right fine knob to increase 
the resistance by increments of 1 ohm 
until we hit the maximum of 5 ohms. 
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occurred when there was about 0.461 Amps, or when the resistance was about 9.5 
Ohms. Our maximum power was found to be 1.25 Watts. 


3.1.2 Image of Anemometer(The wind 
speed was adjusted to 25 mph) 


3.1.3 Motor mounted on the 3.1.4 ammeter connected 
motor shaft 


to the motor 


11 


3.2 Deflection Testing 


The goal of this test was to determine the stability of the structure of the tower. The 
force was applied perpendicular to the tower by the motor shaft. Then we observed 
the deflection of the tower (how much the tower moved as a result of the force 
applied). 


. 3.2.2 Adding load to test deflection 
3.2.1 Deflection test set-up d 


This is an important application for real life wind turbines because it's crucial that the 
system does not fail in the face of large natural forces from the wind. To get started 
with the test, we first clamped down the base plate to the table. We removed the motor 
from the motor shaft, cutting off the cable ties. We then placed a metal resembling a 

TOTOE motor on top of the motor shaft and 

A taped it down with tape. Then we set 

up the pulley perpendicular to the 
tower, so the force is applied 
perpendicular. The digital indicator 
was calibrated to the metal on the 
motor shaft. Then we were able to 
collect data, increasing the load by 100 
grams each time. The max deflection 
after 1 kg was 2.82 millimeters. 


Deflection (mm) 


3.2.3: Load (N) vs Deflection (mm) Graph 
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Comparing this graph to the graph from our FEA (2.3.4), there seems to be minor 
mistakes that made a pretty significant difference. Our thoughts were that we either 
failed to clamp the base plate tightly enough because we only used two of the four 
clamps, or that we did not set up the deflection tool properly. Due to the 
circumstances of our set-up and our results, we were not satisfied with our overall 
result as a team. It is important to note that there were multiple groups waiting their 
turn to test their stability of their wind turbine, so the pressure of having to work fast 
certainly did not benefit it us for this test. 
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4. CAD Drawines 


4.1 Drawings for Wind Turbine Tower Assembly 
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Figure 4.1.1: 2D Drawing for Dimensions of Tower (inches) 
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Figure 4.1.2: 3D View of Wind Turbine 


Figure 4.1.3: Exploded view of Tower 
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4.2 Drawings for Wind Turbine Blade 
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Figure 4.2.1: 2D Drawing of Blade Design 


Figure 4.2.2: 3D View of Blade 
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5». Conclusions 

In conclusion, our group produced adequate results. We thought that our peak power 
was relatively fair, however the stiffness test result proved to be disappointing. 
Throughout the project's duration, we developed both the blade and the main tower 
body, assembled the 3D-printed components we designed, and conducted testing on 
the final product. Our evaluations included assessing the wind turbine tower's 
deflection properties through weight-bearing tests and measuring our wind turbine 
blade's efficiency by connecting it to a motor to quantify the electrical power 
generated. We gained valuable insights into the significance of thoroughly validating 
our designs before the final submission, as we invested additional time refining the 
blade to align with project regulations. Interestingly, this extra effort not only ensured 
compliance, but also resulted in improved power efficiency for the blade. We created a 
tower with a rectangular truss design with three sides and made sure that the widths 
of the bars were thick enough to follow the requirements of the project, as well as to 
withstand the wind speed of 25 mph. We also learned about different tactics that we 
can utilize to maximize efficiency, such as having specifically three blades in our blade 
design. The outcome of the project was surprising, with our max power being 1.250 
watts, however our deflection was 2.82 mm with a load of 1 kg. Overall, we believe that 
the results were a little disappointing, especially the deflection, but at least the peak 
power was respectable. 
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6. Recommendations for Future Work 

In the future, it is recommended that the weight be further optimized more efficiently. 
The purpose of the tower is to hold the blade in place as the wind blows towards it. 
Therefore, having the weight be more distributed to the gearbox would allow the blade 
to be held in place more effectively, translating to more power created. Additionally, a 
more optimized distribution of weight to the gearbox would allow the tower to have 
less deflection to remain stiffer and withstand the load that was applied to the tower. 
Furthermore, during the testing of the power, we failed to notice in time that the blade 
was at an angle when facing the source of the wind. This most probably affected the lift 
of the blades, and this was due to the motor not being zip-tied properly, which 
decreased our peak power. In the future, it is highly advised by us to notice that error 
before we record the data. In terms of improvements, we saw how the motor shaft was 
held only by a light surface, which probably contributed to such a big deflection. We 
noticed this when we tried to put the blade on the motor, the motor shaft almost came 
off. On a similar note, the gluing could have been more intense. It was only lightly 
glued which could have contributed to the lack of stiffness. We could have conducted a 
comprehensive review of the volumes associated with each component, reassessing 
their necessity for the overall success of our tower. The constraints imposed by volume 
limitations significantly impacted our initial design, subsequently influencing the 
outcomes observed during testing. 
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Appendix A 


The following includes the raw data used during testing of the wind turbine. 


Power Data: 


Fá 


Wind Turbine Performance Data 


ny 
Group#: "| Team members (Names): 


1. Power Measurements 


a. Blade to Fan Distance: (at 25 mph wind speed): |!’ in. 


>< 
b. Wind Speed: — D mph (In front of the motor and prior to blade installation) 


c. Power Measurements: 


(Note: Wait ~5 sec. between readings for reading stability) 
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Deflection Data: 


2. Deflection Measurements 


a. TowerHeight: - in. 


“ 


b. Tower Net Weight “~~ 


c. Deflection Measurements : 


Poin 
( (N (mm) 
E 


gram. (Total Assembly — Bottom board) 


DILE. 
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